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g NaCl/kg beef (0%), 0 g DAB/kg beef (0%) contained 0.25 mL of either NaCl [0 g NaCl/kg 132 beef (0%), 15 g NaCl/kg beef (1.5%), or 20 g NaCl/kg beef (2%)], 0.25 mL of mushroom [0 g 133 DAB/kg beef (0%), 10 g DAB/kg beef (1%), or 20 g DAB/kg beef (2%)], or 0.25 mL of SP and 134 0.75 mL of DI water. All samples were incubated at 4ºC for 1 hr before day 0 baseline 135 measurements. Each 0.6 mL of sample was mixed with 0.75 mL of 10 g TCA/100 mL in micro-136 centrifuge tubes, and then centrifuged using an accuSpinTM micro-centrifuge (Pittsburg, PA, 137 USA) at 8000 g -1 for 5 min. The 0.02 mol/L TBA: supernatant (1:1) samples were incubated at 138 60ºC for 90 min. Absorbance readings at 532 were recorded using a FLUOstar Omega 139
Microplate Reader (BMG Labtech, Cary, NC, USA). 140
A standard solution of MDA in 10 g TCA/100 mL was prepared from TMP and standard 141 curves ranging from 0 to 10 mM were used to quantify MDA in homogenates. The bound MDA 142 was expressed as mg bound MDA/ kg SP (Stapornkul, Prytkova, & Were, 2016) . 143
Interaction of Mushrooms, Salt, and Bovine Proteins on Volatile Aldehydes 144
Volatile aldehyde binding was determined in sarcoplasmic protein homogenates with 10 145 g DAB/kg beef (1%) and 20 g NaCl/kg beef (2%). These concentrations of mushroom and NaCl 146 were determined based on results from Section 2.6.1, which showed that 10 g DAB/kg beef (1%) 147 and 20 g NaCl/kg beef (2%) resulted in higher free MDA production compared to 20 g DAB/kg 148 beef (2%) and 15 g NaCl/kg beef (1.5%). The SP homogenates with added mushroom and NaClM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 were spiked with volatile aldehydes (pentanal, hexanal, and octanal). Volatile aldehydes bound 150 to protein were then measured using gas chromatography, and binding was expressed as mg/g SP 151 (Stapornkul, Prytkova, & Were, 2016) . 152 2.7. Consumer acceptability of salt reduced patties with added mushroom powder 153 Each 454g of beef and mushroom mixture contained 9.08 g DAB. To control ground beef 154 with 1.5% salt, 6.81g NaCl was added, while to the beef and 2% DAB samples, 4.54g NaCl (1%) 155 was added. The ingredients were mixed for two minutes (Hobart, HL 120, Troy, OH, U.S.A), 156 divided into 100g portions, formed as 11.5cm diameter patties and cooked for 3 min on each side 157 to an inner temperature of 71°C (Rojas & Brewer, 2007) . Each beef patty was divided into eight 158 pieces. Each piece was placed in a small plastic cup coded with a random three digits number. 159
The samples were served around 54°C. Two sensory evaluations were conducted: in the first one, 160 samples with 2% DAB added had 33% less NaCl compared to control sample while in the 161 second trial, NaCl reduction was 50% in samples with 2% DAB. 162
The effect of incubation time on DAB's impact on saltiness, aroma, and acceptability was 163 conducted over 3 days, given that microbial testing was not part of the current study and 3 days 164 was considered microbially safe. Consumers rated the patties using a nine-point liking scale with 165 0 being dislike extremely and 9 being like extremely (da Silva, da Silva, Ferreira, Minim, da 166 Costa, & Perez, 2013). Panelists were provided with crackers and water to cleanse their palates 167 in between samples. 168
Statistical Analysis 169
Differences in MDA and volatile aldehyde production and binding to sarcoplasmic 170 protein of three mushroom treatments [0 g DAB/kg beef (0%), 10 g DAB/kg beef (1%), and 20 g 171 M A N U S C R I P T A C C E P T E D After washing, blanching, and drying, the yields of oven dried and lyophilized mushrooms 180 were 8.35% and 6.59%, respectively, resulting in a 1.79% higher yield in oven dried mushrooms 181 compared to lyophilized mushrooms. Oven dried mushroom powder had 64.15% higher total 182 phenolics of 5.227 mg/g compared to lyophilized mushroom powder at 3.189 mg/g. Alnoumani, 183 Ataman, & Were (2017) quantified total phenolic content in dry roasted DAB to be 5.45 mg/g 184 using Folin-Ciocalteu reagent rather than the HPLC method used in this study. Although 185 lyophilization prevents undesirable shrinkage and produces products with high porosity, 186 unchanged nutritional quality, superior aroma and flavor, and color retention (Oikonomopoulou, MDA by 46.51-92.60% and 56.73-92.77% in both 15 g NaCl/kg beef (1.5%) and 20 g NaCl/kg 214 beef (2%) salted ground beef, respectively, compared to the control with no DAB on day 12 of 215 refrigerated storage (Fig. 1) . For the 15 g NaCl/kg beef (1.5%) and 20 g NaCl/kg beef (2%) 216 salted ground beef samples, added oven dried mushroom powder to raw beef lowered MDA 217 compared to lyophilized mushroom powder ( Fig. 1) attributed to the 64.15% higher phenolic 218 content in oven dried mushrooms (section 3.1 and Fig. S2 ). These mushroom phenolic 219 compounds can donate hydrogens to free radicals and decrease production of lipid oxidation
The free MDA in the 20 g NaCl/kg beef (2%) control with no added mushrooms was 222 34.50% higher compared to the 15 g NaCl/kg beef (1.5%) control with no added mushroom 223 powder on day 12 (Fig. 1) , with the interaction between salt and treatments being significant 224 (p<0.05) ( Table 1) . Rhee & Ziprin, (2001) also found that NaCl at 25 g NaCl/kg beef promoted 225 lipid oxidation. The pro-oxidant action of NaCl at 20 g NaCl/kg beef (2%) was attributed to its 226 potential capacity to disrupt cell membrane integrity, facilitating access of free radicals to 227 unsaturated fatty acids, as well as liberating iron ions from heme protein, therefore leaving more 228 free iron ions to catalyze LOX and inhibit antioxidant enzymes (Mariutti & Bragagnolo, 2017) . 229
Further investigations are suggested to pinpoint which of the aforementioned mechanisms 230 explain the pro-oxidant effect at higher NaCl concentrations. 231
Since ascorbic acid is an anti-browning agent that can prevent oxidation and discoloration 232 of beef during storage by reduction of metamyoglobin-Fe(III) to metamyoglobin-Fe(II), thereby 233 maintaining the red color in raw beef (Varvara, Bozzo, Celano, Disanto, Pagliarone, & Celano, 234 2016), blanching in 1 g ascorbic acid/100 mL water solution to inactivate the browning 235 polyphenol oxidase enzyme was compared to that in water. In beef with 15 g NaCl/kg beef, oven 236 dried and lyophilized mushroom powder from water blanching produced 24.79% and 58.67% 237 more free MDA, respectively, compared to samples with oven dried and lyophilized mushrooms 238 blanched in ascorbic acid (Fig. 1) . Ascorbic acid has antioxidant properties (Ahn & Nam, 2004 ) 239 and can inhibit LOX, leading to lower (p<0.05) free MDA observed. 240
The 15 g NaCl/kg salted raw beef control with no added mushroom powder produced 241 82.42% and 46.60% more free MDA compared to raw beef with oven dried and lyophilized 242 mushrooms blanched in water, respectively. The 15 g NaCl/kg beef (1.5%) salted raw beefM A N U S C R I P T
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control produced 92.74% and 59.84% more free MDA compared to raw beef with added oven 244 dried and lyophilized mushrooms blanched in ascorbic acid. Although mushrooms blanched in 245 ascorbic acid and water decreased free MDA by 10.31% and 13.23% on day 12, respectively, the 246 2.92% difference between the two blanching methods was relatively small when compared to the 247 92.74% increase in free MDA in the control compared to the blanched mushroom treatments. 248
Therefore, mushrooms blanched in 1 g ascorbic acid/100 mL water were not used in subsequent 249 assays. 250
Addition of lyophilized and oven dried mushrooms decreased free MDA content, where, 251 addition of oven dried mushrooms to raw ground beef lowered free MDA by 67.18% compared 252 to lyophilized mushrooms on day 12 (Fig. 1) . Due to the higher phenolic content of oven dried 253 mushrooms compared to lyophilized mushrooms, oven dried mushrooms can inhibit lipid 254 oxidation to a greater extent, lowering amount of free MDA produced. Therefore, the binding of 255 MDA with bovine proteins that lowered free MDA was monitored using oven-dried mushrooms. 256
As seen in Table 2 to SP at 20 g DAB/kg beef had 27.57-63.95% higher binding to MDA compared to mushrooms 269 added to SP at 10 g DAB/kg beef on day 9, which may be due to the 20 g DAB/kg beef having 270 twice the amount of amino acid binding sites available for MDA to bind. The interaction of 271 treatment and day was significant (p<0.05) for MDA binding ( Table 3 ). The highest binding of 272 MDA to SP was on day 9 with 15 g NaCl/kg beef (1.5%) and 20 g DAB/kg beef (2%) at 21.69 273 mg MDA/kg beef, whereas the lowest binding of MDA to SP was on day 9 with no NaCl and 274 DAB added at 4.702 MDA mg/kg beef ( Table 2 ). The higher MDA binding with 20 g DAB/kg 275 beef and 15 g NaCl/kg beef may explain the results found in Fig. 1 , where added 20 g DAB/kg 276 beef (2%) and 15 g NaCl/kg beef (1.5%) lowered free MDA in raw beef. Jensen (2008) found 277 that at high salt concentrations of ~2%, the ionic strength of protein may be altered to increase 278 protein-protein interaction. This interaction could therefore decrease the percent MDA binding 279 seen in SP samples with added 20 g DAB/kg beef and 20 g NaCl/kg beef compared to SP 280 samples treated with 20 g DAB/kg beef (2%) and 15 g NaCl/kg beef (1.5%) ( Table 2 ). As seen in 281 Table 2 , the bound MDA to SP increased from day 0 (baseline) to day 1. However, the bound 282 MDA to SP began to decrease between day 1 to day 9. From day 0 to day 1, there may have been 283 more amino acid sites for MDA to bind to, thereby increasing amount of bound MDA to protein. 284 However, once MDA starts to bind to protein, the number of free amino acid sites available were 285 occupied, decreasing MDA bound to the protein after day 1 ( Table 2) . 286
Binding of Volatile Aldehydes to Bovine Protein in the Presence of Mushroom 287
Powder and NaCl 288
There was an increase in bound volatile aldehydes to protein from 20.24, 23.53, and 56.21 289 mg bound volatile/g SP as the carbon chain length of the aldehyde increased from propanal, 290
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14 hexanal, and octanal, respectively (Fig. 2) The addition of 10 g oven dried DAB/kg beef (1%) to SP increased propanal, hexanal, and 298 octanal binding to protein by 20.90%, 22.65%, and 40.67%, respectively compared to SP control 299 (Fig. 2) . Stapornkul The addition of DAB to ground beef has been shown to inhibit LOX and decrease 332 production of LOX products, such as MDA and volatile aldehydes. Although DAB's 333 antioxidative capacity in meat has been demonstrated, the addition of DAB to ground beef could 334 affect sensory qualities. Table S1 indicated that panelists could differentiate between the sample 335 with a 33% and 55% salt reduction that were compensated with DAB. However, no differencesM A N U S C R I P T
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(p>0.5) in the liking of saltiness, smell, juiciness, overall flavor, and overall liking were detected 337 between control patties and patties with added DAB and 33% less salt (Table 4) demonstrating 338 potential replacement of 33% salt with DAB. 339
Summary and Conclusions 340
Oven dried mushroom powder yielded a higher phenolic content compared to 341 lyophilization, which accounted for a decrease in free MDA and volatile aldehydes produced. Salt included 0 g NaCl/kg beef (0%), 15 g NaCl/kg beef (1.5%), and 20 g NaCl/kg beef (2%) 3 a Treatments included sarcoplasmic protein with ± 0 g DAB/kg beef (0%), 10 g DAB/kg beef 4 (1%) and 20 g DAB/kg beef (2%) and ± 0 g NaCl/kg beef (0%), 15 g NaCl/kg beef (1.5%) or 20 5 g NaCl/kg beef (2% 
